Summary &mdash; The phenology of shoot elongation was monitored for 2 or 3 years at 4 sites in France with 6 maritime pine geographic provenances. Within each provenance, the onset of phenological stages, especially the earlier ones, was better predicted by heat sums than by calendar days. The 
INTRODUCTION
Maritime pine (Pinus pinaster Ait) shoot elongation has been studied extensively with respect to seasonal pattern (Illy and Castaing, 1968) , genetic control (Kremer, 1982) , and morphogenetic components (Kremer and Roussel, 1982, 1986; Kremer and Lascoux, 1987) . However, most studies have focussed on quantitative aspects since they have concerned breeding for higher growth rates. The phenology of elongation has been given little attention as it often appears unrelated to total shoot growth (Cannell et al, 1976) .
Our interest in phenological variation in maritime pine originates from an observation that such variation appeared to be associated with differences in susceptibility to twisting rust, caused by Melampsora pinitorqua Rostr (Desprez-Loustau and Baradat, 1991 ) . Pine shoots show different degrees of susceptibility to M pinitorqua according to their elongation stage, the maximum susceptibility being observed between bud-scale disjunction and needle emergence (Kurkela, 1973; Desprez-Loustau, 1990 ). Furthermore, the basidiospores causing infections are produced only for a short period in spring (approximately 1 month), after the breaking of teliospore dormancy (Kurkela, 1973; Desprez-Loustau and Dupuis, 1992) . Therefore, variations in pine phenology may affect the synchrony between susceptible stages and basidiospore occurrence. The prediction of phenological stages in maritime pine may provide a risk assessment of rust infection, when related to the prediction of basidiospore dispersal.
The present study was undertaken with 2 objectives. The first was to confirm and define the extent of phenological variation in maritime pine: our previous data (DesprezLoustau and Baradat, 1991) were limited to a few measurements at a single site. We thus compared provenances originating from the whole natural distribution area of P pinasterat 4 locations in France representing a wide range of environmental conditions. As air temperature has been shown to be a major determinant of shoot growth in many species including conifers (Lavender, 1980; Perala, 1985) , we (Cannell and Smith, 1983; Osawa et al, 1983; Perala, 1985; Volney and Cerezke, 1992 (Castonguay et al, 1984 (Castonguay et al, 1984 (Lavender, 1980) . Soil water potential has been shown to be a contributing factor in red pine shoot growth (Jones et (Nienstaedt, 1974) .
The demonstration of a variation in phenology between maritime pine provenances confirms earlier results (Desprez-Loustau and Baradat, 1991 (Longo et al, 1970 (Longo et al, , 1980 . In contrast to maritime pine, M pinitorqua appears better adapted to the P sylvestris host. In P sylvestris, annual variations in infection were attributed mainly to climatic conditions during pine growth; synchrony between host and parasite phenologies is generally observed (Kurkela, 1973) . As previously hypothesized by Moriondo (1957) (Merrill and Kistler, 1976; Hollis and Schmidt, 1977) , which may reflect a longer coevolution process. Synchronization with the host plant has also been shown to be critical, and of great evolutionary significance, for several phytophagous insects, especially those which feed on newly emerged foliage (Du Merle, 1983 , 1988 Hunter, 1992) .
Overall, this study has emphasized the link between maritime pine phenology and predisposition to rust infections. 1. Annual and spatial variations in rust infection on maritime pines are likely to result mainly from differences in synchrony between host and parasite, resulting from weather (and microclimatological) conditions. Changes in climate, such as warming, may affect pine-rust synchrony, as predicted for plant-insect interactions (Dewar and Watt, 1992) . Modelling of pine and rust phenologies with respect to climatological factors is essential in order to predict spatiotemporal patterns of infection risks. 2. Differences in precocity between genotypes may result in differences in predisposition to infection. Changes in vigour (higher growth) may also affect the infection risk in relation to higher precocity. This factor should be taken into account in maritime pine breeding. Selection for higher growth has been shown to result in earlier flushing in several species (Kleinschmit and Sauer, 1976; Rehfeldt, 1992) . Fertilization effects should also be considered.
